ABSTRACT
Introduction
Since Frankel (9) firstly defined a core collection as a subset of large germplasm collection that maximized the possible genetic diversity of a crop species with minimum redundancy, many core collections have been developed such as bladder clover (11) , Medicago truncatula (28) and pearl millet (29) . these core collections have enhanced management, characterization and utilization of these crop genetic resources. However, for clonal crops, high management cost places a severe restriction on their size (3) . The conservation of clonal crops is technologically more complex than that of seed crops (4) . Moreover, redundancy is very frequent in clonal crops (27) . So it is more urgent to build core collections with clonal crops than in seed crops.
A general procedure for core collection can be as follows: identify the materials (collections) that will be represented; decide the size of the core collection; divide the materials into distinct groups; confirm the number of accessions per group; choose the accessions from each group (30) . For the size of core collection, Brown (2) proposed that a core collection should contain 5-10% of the accessions conserved in the whole germplasm collection and represent at least 70% of the alleles, without any redundant entries. However, there is no fixed proportion for the core collection that holds true for all crops (30) . To solve the problem, some researchers have suggested comparison of various values in order to obtain a relatively reliable core size (17, 23, 32) . It can be seen that in these cases determination of a core size may be subjective, varying from person to person. Jansen and van Hintum (20) described a method called genetic distance sampling method that automatically adapted core sizes depending on the genetic distances, excluding the procedure of grouping. Furthermore, this method does not require tedious computations for selection of core entries.
Japanese persimmon (Diospyros kaki Thunb.) is an important fruit crop in China, Korea and Japan. Usually, it is consumed as fresh fruit, but processing is also favored because of rich nutrition and tannin for industrial uses (21) . A germplasm collection of Japanese persimmon, covering 558 accessions native to China, was established in National Persimmon Germplasm Repository, Yangling, Shaanxi Province, China, in vivo. Its field genebank means the long-lived conservation of collections can be endangered. To characterize and evaluate effectively Japanese persimmon native to China, molecular markers such as RAPD (22) , ISSR (35) , SSR (13, 14, 16) , SRAP (15) , REMAP, SSAP and IRAP (7), were developed. Among these markers, SSRs are highly polymorphic, informative, codominant, technically simple and reproducible, and become common in developing a core collection (8, 23, 37) . Zhang et al. (36) selected 180 accessions (30% of entire collection) as a primary core collection from 558 accessions of Japanese persimmon originated in China using morphological data. The size of primary core collection is still so large that redundancy of some accessions may occur because Japanese persimmon is clonally propagated. Therefore, it is necessary to develop a core collection with the same genetic diversity as the whole collection, but smaller in size than the primary core collection. 
Materials and Methods

Plant materials
The materials were selected based on the primary core collection comprising of 180 accessions in previous study (36) . They were obtained from National Persimmon Germplasm Repository, Yangling, Shaanxi Province. It is noted that as some synonyms have been eliminated according to Yang et al. (34) , at last 117 accessions were employed in this study.
SSR analysis
Total genomic DNA was extracted from fresh leaf following the method of Doyle and Doyle (6) . Initially, 24 SSR primer pairs developed by Guo and Luo (13, 14, 16) were screened to identify those that are able to amplify clear, reproducible bands. PCR amplification and electrophoresis were performed as described by Guo and Luo (13) . For the final SSR primer pairs, only clear, well defined and reproducible bands were recorded for developing a core collection. Presence (1) and absence (0) of each band was scored.
Development of core collection
Genetic distance sampling proposed by Jansen and van Hintum (20) was carried out in developing a core collection of Japanese persimmon originated in China. Genetic distance between two accessions was calculated by the following formula:
, where n11 was the number of bands present in both accessions; n10 was the number of bands present only in one accession; n01 was the number of bands present only in the other accession. The quantity 1-Δ is known as Nei & Li similarity coefficient (25) .
The procedure of developing a core collection was as follows: the first entry of the core sampled randomly from all accessions was called E 1 . Accessions with a distance to e 1 smaller than the selection radius γ were discarded from all accessions. The second entry of the core was sampled randomly from the remaining accessions, and was called E 2 . Accessions with a distance to E 2 smaller than the selection radius γ were discarded from the second remaining accessions. This process was repeated until the remaining accessions became empty. The above described procedure led to a list of entries of the core, e 1 , e 2 ,..., e S , in which S was the size of the core. For selection radius γ, different value was set based on range from the smallest genetic distance to the largest genetic distance with an interval of 0.01. One selection radius γ could produce one core collection.
Selection criteria for the best core collection
The selection of core collections was carried out according to the parameters of diversity by MS-Excel 2003 (10): number of alleles, percentage of polymorphic loci, Shannon diversity index (5) and Nei's gene diversity index (26) . The representativeness of the core collection was validated according to the following criteria (35) : Allele reserved ratio was defined as the percent of SSR marker alleles observed in a core collection versus in primary core collection; Shannon diversity index reserved ratio was defined as Shannon diversity index in a core collection versus in primary core collection; Nei's gene diversity index reserved ratio was defined as Nei's gene diversity index in a core collection versus in primary core collection. The appropriate core collection should be with reserved ratio of at least 70%, highest percentage of polymorphic loci and smallest core size.
Results and Discussion
From 24 primer pairs screened, 11 were ultimately chosen for reliable amplification and for genotyping the whole 117 accessions. Their NCBI genbank accession numbers were DQ204606, DQ204609, DQ204618, DQ222479, DQ222480, DQ222481, DQ222482, AB073008, AB073006, AB073005 and BM032607. An example of amplification products of SSR primer pair (DQ222482) was shown in Fig. 1 . (Fig.  2) . On the whole, the core size and the evaluation parameters were decreased as the selection radius γ was increased. The comparison between 24 core collections was as follows.
Among the four evaluation parameters, the most relevant criteria for measuring diversity should be allelic richness, in particular in the context of genetic conservation (27) . When selection radius γ was 0.05-0.18, number of alleles for core collection was the same as that for primary core collection. Afterwards, with the increased selection radius γ, numbers of alleles for core collection were decreased and less than those of the primary core collection. Fourteen core collections with selection radius γ of 0.05-0.18 should be firstly considered as candidate core collections. these 14 core collections had more than 70% of Shannon diversity index reserved ratio (Fig. 3) . Except for the core collection at selection radius γ = 0.18, 13 other core collections showed the same percentage of polymorphic loci as the primary core collection. Moreover, these 13 core collections with selection radius γ = 0.05-0.17 provided more than 70% of Shannon diversity index reserved ratio. Among these 13 core collections, regarding Nei's gene diversity index 70% of reserved ratio were recorded for 7 core collections with selection radius γ = 0.11-0.19. Seven core collections with selection radius γ = 0.11-0.19 seemed to meet all the criteria. However, the most adequate core collection should be with selection radius γ = 0.17. The core collection contained the same alleles and percentage of polymorphic loci as primary core collection and the highest Shannon diversity index and Nei's gene diversity index among 24 candidate core collections. The final core collection held 15 accessions, occupying 12.8% of primary core collection and 2.7% of the whole collection. Concerning the size of core, Brown (2) proposed that the core collection is composed of about 10% of the total collection. A higher or a lower proportion might be needed because clonal crops are more special than seed crops (4) . As compared with the first Japanese persimmon core collection (15% of the whole collection) (1), our result provided a smaller core size. In our case the whole collection arose from China and possessed the similar geographic and ecological habit, so redundancy might occur more frequently, while in the first case the whole collection arose from Japan, Italy, Spain, USA and china. The list of the final core collection was shown in Table 1 . The core collection reflected broad geographic distribution in China, containing 'Yangshuo-niuxinshi' from Guangxi Zhuang Autonomous Region, 'Putian-goushi' and 'Chengsushi' from Fujian Province, 'Dahongshi' from Guangdong Province in the south of China, 'Xiangyang-niuxinshi' from Hubei Province and 'Denglongshi' from Anhui Province in central China, 'Laopige', 'Xiaogaishi' and 'Lushan-yanguohong' from Henan Province and 'Xiangfen-bayuehong' from Shanxi Province in the north of China. Some accessions with special characters were also retained in the core collection. For instance, 'Luotian-tianshi', one Chinese PCNA (Pollination constant non-astringent) genotype, is different from most Chinese PCA genotypes (Pollination constant astringent) Luotian-tianshi Luotian, Hubei (33) . 'Mopanshi' and 'Ganmaokui' have been cultivated for hundreds years and won the people's favor. The flower and fruit pericarp of 'Heishi' showed black at maturity. The mature fruit of 'Lintong-diaoshi' can be kept in the tree for a long time due to abundant flesh fiber. In our study the first step was developing a primary core collection (117 accessions) from the whole collection (558 accessions) by morphological data (36) and the second step was developing a core collection (15 accessions) from a primary core collection (117 accessions) by SSR marker data. The development of core collection in Japanese persimmon native to China could combine cost saving of morphological data and precision of molecular marker data. We proposed genetic distance sampling with various selection radiuses to develop a Japanese persimmon core collection. A major advantage of genetic distance sampling is that automatically a relatively small number of accessions are sampled if accessions are closer whereas a relatively larger number of accessions are sample if accessions are further apart and core size depends on the selection radius. Moreover, genetic distance sampling do not require cluster and avoid threshold values of genetic distance for classification or cutting point.
For the final choice of entries, stepwise clustering and least distance stepwise clustering proposed by Hu et al. (19) and Wang et al. (31) , respectively, seemed to be the appropriated method, but they require prior arbitrary determination of core size and complicated computation of cluster analysis for many times. Mstrat software developed by Gouesnard et al. (12) also could obtain precise result. Further research is need to compared genetic distance sampling with maximization strategy.
Conclusions
For a core collection in Japanese persimmon native to china, the reduced number of accessions (15 accessions in core collection versus 558 accessions in the whole collection) will allow it to be maintained using cryopreservation for longterm and cost-effective conservation. A cryopreserved core collection of European elms has been established successfully (18) . The relatively small size of this core collection enables a logical and efficient characterization and evaluation in Japanese persimmon native to China. Core entries can be the first to be evaluated for expensive or complex traits and molecular markers. For example, for downy mildew resistance in pearl millet, 2800 accessions were screened in at least nine years. By a pearl millet core collection, finding information on variability in the whole collection and identifying some new sources of resistance, could be accomplished in a single year (29) . In the process of genetic distance sampling, we could conclude the association of accessions in the collection to an accession in the core collection that would help researchers in looking for similar alternatives easily if some accessions die out unluckily. Some exotic Japanese persimmon genetic resources are threatened in China. For new similar alternatives, this core collection provide a reference set using expensive and precise molecular marker e.g. SSR marker.
